Controls: RPM, Load, 
Acceleratiohi Gear 
Ratio, and/or Throttle 



Controls: RPM, Load, 
Acceleration, Gear 
Ratio, and/or Throttle 



Controls: RPM, Load, 
Acceleration, Gear 
Ratio, and/or Throttle 



Controls: RPM, Load, 
Acceleration, Gear 
Ratio, and/or Throttle 



Speed 

Information, Road 
Surface, etc. 



Controls 


Engine 
Sound 
Block 


Audio 




-(pa 



Controls 


Engine 

Sound 

Block 





Audio 



Controls 


Engine 

Sound 

Block 


-SC. 



Audio 



Controls 


Engine 
Sound 






Block 




r 


Controls 
► 


Speed 

Related 

Sounds 





Audio 



Audio 



FIG. 1 



u ir V 



EQ & Mixer 



Audio 



FIG. 2 



Controls 



T 



So 



Engine Sound Block 



Engine 

Process 

Model 



Load 



lb r'^O 



ha 



RPM 



Sparks 



Spark Timing 

Controlled 

Sounds 



a2i 



Direct RPM 

Controlled 

Sounds 



RPM 

Related 

Sounds 



EQ & 
Mixer 



Audio 



FIG. 3A 



Controls 



(Engine Process Model 



2q 



Load 

Behavior 

Model 



Engine 

Physical 

Model 



RPM 



Load 

"7 

lb 



Sparks 



IS 



~7 



FIG. 3B 

Engine Process Model ^ \2.h 



'501 



Engine 
Inertia 
and Load 
Model 



RPM 



3X 



Spark Timing 
Generator 



RPM 



Load 



Sparks 



FIG. 4 



Load 
Sparks 



Spark Timing Gontrolled Sounds 



9^4 



Engine 

Resonance 

Model 



Air Chop 
Model 



One-Shot 
Sound File 
Playback 



Exhaust 

System 

Model 



L 



etc. 



Turbulence 
Model 



43 





► 

► 




► 


Ma 






► 



3^ 



EQ & 
Mixer 



Audio 



FIG. 5 



Direct RPM Controlled Sounds ^g^^ 



Load/'" 



16 



RPM 



Cross-fade 
Loops 



Feedback 
FM 



■c 



etc. 



EQ & 
Mixer 



47 



Audio 




FIG. 6 



RPM Related Sounds 



Load 



RPM 



RPM 

Translation 



RPM 

Translation 



4?C 



RPM 

Translation 



RPM 

Translation 



me 



RPM 
Translation 



50. 



Whistles 



Whines 



6*^ 



1 



Engine 
Roar 



Turbines 



FM 

Rumble 





RPM 




Translation 


► 



etc. 



EQ & 
Mixer 



Audio 



FIG. 7 



Controls 



Speed Related Sounds 



Road Noise 



Wind Noise 



»— — ► 



Tire Noise 



etc. 



EQ & 
Mixer 



Audio 




FIG. 8 



Controls 
• 



Engine Physical IVIodel 



Starter 
Motor 



1^ 



RPM 



70 



shaft 
velocity 

7 — 

9X 



SO 



Velocity 
Regulator 



angle 



-IS 



Spark-Force- 

to-Velocity 

Conversion 











Spark 

Timing 

Model 


Angular 




Integrator 


shaft 



sparks 



FIG. 9 



Sparks 



Exhaust System Model 
1^ 



Load 



Explosion 
Spreading 
Model 



^2. 
^84 



Turbulence 
Model 



r 



Filtering 

Resonance 

Model 




FIG. 10 




Engine Sound Block 



Load 



^ Spark ^j^n 
Timing 
Controlled 
Sounds 



3^ 



Direct 
RPM 

Controlled 
Sounds 



RPM 
Related 
Sounds 



Load 

Effect 

Module 



q(0 



Load 

Effect 

Module 



Load 

Effect 

Module 




FIG. 11 



Load 



Load Effect Module 



Audio 



m 

Scale (and/or ^ 
Bass Boost) 



L 



\0io 



Non-linear 
Distortion 



Audio 



